Background: Plasma concentrations of long-chain nҀ3 polyunsaturated fatty acids are lower in vegetarians and in vegans than in omnivores. No data are available on whether these concentrations differ between long-and short-term vegetarians and vegans. Objectives: We compared plasma fatty acid composition in meateaters, vegetarians, and vegans and examined whether the proportions of eicosapentaenoic acid (20:5n-3; EPA), docosapentaenoic acid (22:5n-3; DPA), and docosahexaenoic acid (22:6n-3; DHA) were related to the subjects' duration of adherence to their diets or to the proportions of plasma linoleic acid (18:2n-6; LA) and ␣-linolenic acid (18:3n-3; ALA). Design: The present cross-sectional study included 196 meateating, 231 vegetarian, and 232 vegan men in the United Kingdom. Information on anthropometry, diet, and smoking habits was obtained through a questionnaire. Total fatty acid composition in plasma was measured. Results: The proportions of plasma EPA and DHA were lower in the vegetarians and in the vegans than in the meat-eaters, whereas only small differences were seen for DPA. Plasma EPA, DPA, and DHA proportions were not significantly associated with the duration of time since the subjects became vegetarian or vegan, which ranged from 1 y to 20 y. In the vegetarians and the vegans, plasma DHA was inversely correlated with plasma LA. Conclusions: The proportions of plasma long-chain nҀ3 fatty acids were not significantly affected by the duration of adherence to a vegetarian or vegan diet. This finding suggests that when animal foods are wholly excluded from the diet, the endogenous production of EPA and DHA results in low but stable plasma concentrations of these fatty acids.
INTRODUCTION
Apart from being a source of energy, fatty acids have a wide range of physiologic functions. Many fatty acids can be produced endogenously; however, nҀ3 and nҀ6 polyunsaturated fatty acids are essential fatty acids that must be provided in the diet. The long-chain metabolites of these essential fatty acids are needed for cellular membrane functions and the production of eicosanoids, which play a role in inflammatory reactions, blood pressure control, and platelet aggregation. These essential fatty acids also influence gene regulation; for example, they act as ligands of peroxisome proliferator-activated receptors that are involved in growth and development. Of particular interest are the long-chain nҀ3 fatty acids eicosapentaenoic acid (20:5n-3; EPA) and docosahexaenoic acid (22:6n-3; DHA), which are abundant in oily fish and therefore are also referred to as the marine fatty acids. Although their action is not fully understood, these fatty acids probably account for the inverse relation between fish consumption and the risk of developing coronary heart disease and stroke that has been observed in epidemiologic studies (1) (2) (3) (4) . Apart from its probable cardioprotective effects, DHA is, with arachidonic acid, one of the 2 most prevalent polyunsaturated fatty acids in brain and retinal phospholipids and plays a role in normal neurotransmission and visual function.
The major dietary source of EPA and DHA is seafood, but they can also be found in lean red meat, in organ meats such as liver and brain, and in eggs (5, 6) ; very small amounts are found in dairy products. Consequently, vegetarians, who do not eat meat or fish, and vegans, who in addition exclude eggs and dairy products from their diets, have very low or negligible intakes of EPA and DHA. However, vegetarians and vegans have a relatively high intake of linoleic acid (18:2n-6; LA) (7, 8) , which is largely derived from plant sources. EPA and DHA can also be synthesized in the body from ␣-linolenic acid (18:3n-3; ALA); however, this conversion is limited in humans (9) , and possibly more in men than in women (10, 11) . The conversion may be further suppressed by a high intake of LA, because the desaturation of ALA and LA involves the same rate-limiting ⌬ 6 desaturase enzyme (12) . Indeed, trials have shown that ALA supplementation increases plasma EPA and DPA but has little effect on DHA (13) (14) (15) . As a result, vegetarians and vegans, who have a low dietary intake of DHA (and a correspondingly high intake of LA), have lower amounts of EPA and DHA in blood and adipose tissue than do omnivores (16 -19) .
Previous studies that compared the plasma fatty acid composition in different dietary groups involved a small number of subjects, and few studies included both vegetarians and vegans. The present study reports the plasma fatty acid composition in British meat-eating, vegetarian, and vegan men and explores the effect of duration of adherence to a vegetarian or vegan diet on plasma fatty acid composition.
SUBJECTS AND METHODS

Subjects
The subjects of the study were men selected from the Oxford arm of the European Prospective Investigation into Cancer and Nutrition (EPIC-Oxford). The EPIC-Oxford cohort consists of 65 500 participants aged ͧ20 y who lived in the United Kingdom between 1993 and 1999. The aim of the EPIC-Oxford study was to recruit participants with a wide range of diets by targeting vegetarians, vegans, and the general UK population (20) . The study protocol was approved by a multicenter research ethics committee. The participants were recruited through collaborating general practitioners, vegetarian and vegan societies, and vegetarian and health food magazines or were friends or relatives of other participants. The participants completed a questionnaire that included details on age, anthropometry, diet, smoking, and other lifestyle factors. Blood samples were obtained from 19 700 volunteers. The present study is based on a sample of men who were originally selected to investigate the relation between diet and the hormones involved in the etiology of prostate cancer (21) . The sample consisted of all the vegan men who were recruited to EPIC-Oxford between 1994 and 1997 and gave a blood sample and approximately equal numbers of meat-eaters and vegetarians who were randomly selected from the meat-eating and vegetarian men who gave blood samples. The men had no self-reported history of cancer and were not taking medication that influenced hormone concentrations. For the current study, we excluded subjects without data on plasma fatty acid composition (n ҃ 12) and subjects reporting that they were taking fish oil supplements (n ҃ 25), which left 659 men for the analyses (196 meat-eaters, 231 vegetarians, and 232 vegans).
Diet groups and duration of diet adherence
The classification of diet group and duration of adherence to a vegetarian or vegan diet was based on the following 4 questions: 1) "Do you eat any meat (including bacon, ham, poultry, game, meat pies, and sausages)? (Yes or No). If no, how old were you when you last ate meat?"; 2) "Do you eat any fish? (Yes or No). If no, how old were you when you last ate fish?"; 3) "Do you eat any dairy products (including milk, cheese, butter, and yogurt)? (Yes or No). If no, how old were you when you last ate dairy products?"; and 4) "Do you eat any eggs (including eggs in cakes and other baked foods)? (Yes or No). If no, how old were you when you last ate eggs?" Men who reported that they ate meat were classified as meat-eaters. Men who reported that they did not eat meat or fish but reported that they ate dairy products or eggs were classified as vegetarians; the duration of adherence to a vegetarian diet was calculated as the age at recruitment minus the age at which the respondent last ate meat or fish. Men who reported that they did not eat any foods of animal origin were classified as vegans; the duration of adherence to a vegan diet was calculated as the age at recruitment minus the age at which the respondent last ate any foods of animal origin.
Plasma fatty acid composition
Blood samples were obtained from the participants on average 5 mo after they had completed the questionnaire. The blood samples were collected into 10-mL Safety-Monovettes (Sarstedt, Nümbrecht, Germany) containing 1 mL of 3.13% trisodium citrate. The blood samples were then sent by mail to the central laboratory, where they were separated into serum, plasma, buffy coat, and red blood cell fractions. The plasma samples were frozen at Ҁ70°C and stored for Ȃ4 y until analyzed. The concentration of total plasma esterified and nonesterified fatty acids was measured by transmethylating the total lipids with methanolic HCl in the presence of a pentadecanoic acid internal standard and then analyzing the methyl esters by capillary gas-liquid chromatography, as described previously (22) . The proportions of fatty acids in the plasma were calculated as the concentration of the fatty acid (in mg/L) divided by the sum of the concentrations of all the fatty acids analyzed. The stability of EPA, DPA, DHA, LA, and ALA was assessed by examining the associations between the percentages of these fatty acids in the plasma and the duration of storage at Ҁ70°C; no significant associations were found.
Fish and egg intake
Dietary intake during the 12 mo prior to recruitment was assessed with the use of a 130-item food-frequency questionnaire (FFQ) (18) . Six questions related to the consumption of fish: 1) fried fish in batter, such as fish and chips; 2) fish fingers and fish cakes; 3) other fresh or frozen white fish (eg, cod, haddock, plaice, sole, and halibut); 4) fresh or canned oily fish (eg, mackerel, kippers, tuna, salmon, sardines, and herring; tuna was included because fresh tuna is classed as an oily fish, although canned tuna is not); 5) shellfish (eg, crab, prawns, and mussels); and 6) fish roe and taramasalata. One question related to the intake of eggs. Each question had 9 possible answers: never or 1/mo, 1-3/mo, 1/wk, 2-4/wk, 5-6/wk, 1/d, 2-3/d, 4 -5/d, and ͧ6/d. For each fish food question, the subjects were categorized into 3 groups of intake: never or 1/mo, 1-3/mo, and ͧ1/wk. The range of intake of eggs was wider than the intakes of fish, and analyses were also performed with egg intake as a continuous variable. The frequency of oily fish intake was also calculated from 7-d food records that were completed by 135 of the meateating men.
Other variables
Information on age, height, body weight, smoking habits, and intakes of energy, macronutrients, fiber, and alcohol was obtained through the questionnaire. Body mass index (BMI) was calculated as body wt (in kg)/height 2 (in m).
Statistical analysis
The differences between the diet groups in age, BMI, and other characteristics were calculated with an analysis of variance or a chi-square test for categorical variables. Arithmetic means or geometric means [for 14:0, 16:1, 18:0, ratio LA:ALA, cis-9,trans-11-conjugated linoleic acid (CLA), 22:1, 20:3, and 20:5, for which the distributions were more normal when logtransformed] and 95% CIs of the proportions of the fatty acids by diet group were calculated from fitted values of multiple linear regression models that were adjusted for age (categorized as 10-y age bands), BMI (categorized by quartiles), cigarette smoking (never, former, current 10 cigarettes/d, current ͧ10 cigarettes/ d), and alcohol consumption (categorized by quartiles). The mean fatty acid proportions in each diet group pairing were compared by using standard t tests arising from the multiple regression analyses; the P values for each comparison were corrected for multiple testing with Bonferroni's method. To investigate the effect of the duration of adherence to a vegetarian or a vegan diet on the proportions of the long-chain polyunsaturated fatty acids, we subdivided the vegetarians and the vegans into 4 categories according to the number of years they had followed their diet (0 -4, 5-8, 9 -15, or ͧ16 y). The mean values and 95% CIs for the 9 diet-duration groups (meat-eaters, 4 groups of vegetarians, and 4 groups of vegans) were calculated with a multilinear regression, which was adjusted for age, BMI, smoking, and alcohol intake. P values for trend of the duration of adherence to the diet were calculated in separate subset analyses for the vegetarians and for the vegans by treating the duration of time as a continuous variable in the regression analysis. Correlations between the proportion of the long-chain polyunsaturated fatty acids and LA, ALA, or LA:ALA within each diet group were calculated with a partial Pearson's correlation that was adjusted for age, BMI, smoking, and alcohol intake. Adjusted means of the proportions of the long-chain polyunsaturated fatty acids by categories of fish intake, together with their 95% CIs and P values for linear trend, were calculated with regression models as described above. All analyses were performed by using version 8.1 of the STATA statistical package (Stata Corp, College Station, TX).
RESULTS
The mean age of the participants was 46.8 y (range: 20 -78 y). The meat-eaters were on average Ȃ6 y older than the vegetarians and Ȃ9 y older than the vegans ( Table 1) . Mean BMI and the prevalence of smoking were highest in the meat-eaters and lowest in the vegans. In the vegetarians, the median duration of time since becoming vegetarian was 11 y and ranged from 1 to 76 y. 
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The corresponding median duration for the vegans was 7 y and ranged from 1 to 36 y. There were significant differences in the intakes of energy, macronutrients, fiber, and alcohol between the diet groups. According to the FFQ, 30% of the meat-eaters reported eating ͧ1 serving of oily fish/wk. However, of these men only 13 (6%) reported eating 1 serving of oily fish/wk (data not shown). The reported intake of fried fish in the FFQ was slightly lower and the reported intake of other white fish was somewhat higher than the intake of oily fish. Of the meat-eating men, only 7%, 4%, and 3% consumed ͧ1 serving of fish cake or fish fingers, shellfish, and fish roe, respectively, per week (data not shown).
The mean concentration of total plasma fatty acids, adjusted for age, BMI, smoking, and alcohol intake, was 15% lower in the vegetarians and 25% lower in the vegans than in the meat-eaters ( Table 2) . To allow for these differences, the means of the separate fatty acids in the diet groups are presented as proportions, which were calculated as the concentration of each fatty acid divided by the concentration of total fatty acids. Overall, the most prevalent fatty acids were palmitic acid, oleic acid, and LA, which together composed, on average, 79% (range: 41-89%) of the assessed fatty acids. Myristic acid, stearic acid, palmitoleic acid, ALA, dihomo-␥-linolenic acid, arachidonic acid, and DHA each composed Ȃ1-7% of the assessed fatty acids. The proportions of arachidic acid, cis-9,trans-11-CLA, trans-10,cis-12-CLA, erucic acid, EPA, and DPA were each 1%.
Of the saturated fatty acids, the proportions of myristic and palmitic acid were 40% and 11% lower, respectively, in the vegans than in the meat-eaters; there were no significant differences in the proportions of plasma stearic or arachidic acid between diet groups. The proportion of palmitoleic acid in the vegans was less than one-half that seen in the meat-eaters, whereas no significant differences were seen for the other monounsaturated fatty acids. Of the polyunsaturated fatty acids, the proportion of LA was 22% higher in the vegans than in the meat-eaters. The proportion of the cis-9,trans-11 isomer of CLA in the vegans was less than one-half that in the meat-eaters, whereas a smaller difference was seen for the trans-10,cis-12 isomer of CLA. The mean proportion of dihomo-␥-linolenic acid was low in both the vegetarians and the vegans; however, compared with the meat-eaters, the difference was significant for the vegetarians only. No significant differences between the diet groups were found for the proportions of arachidonic acid. In the vegetarians, the proportions of the fatty acids were generally in between those seen in the meat-eaters and those seen in the vegans.
For each of the long-chain nҀ3 polyunsaturated fatty acids, the mean proportions in plasma were lower in the vegetarians and lower still in the vegans than in the meat-eaters. EPA was 28% lower in the vegetarians and 53% lower in the vegans, and DHA was 31% and 59% lower in the vegetarians and vegans, respectively, than in the meat-eaters. The differences in DPA were smaller and were significant only between the meat-eaters and the vegans.
The mean proportions of the long-chain polyunsaturated fatty acids in the vegetarians and the vegans, which were divided into groups based on how many years they had followed a vegetarian or vegan diet, are shown in Figure 1 . The mean proportions in the meat-eaters are included for comparison. The proportions of plasma EPA, DPA, and DHA were not significantly different in the vegetarians or in the vegans with regard to how long they had followed their diets.
To investigate the hypothesis that dietary intakes of LA and ALA are related to the endogenous production of the long-chain nҀ3 polyunsaturated fatty acids, we explored the correlations between the plasma compositions of these fatty acids by diet group ( Table 3 ). The proportion of LA was inversely correlated with EPA in all 3 diet groups, inversely correlated with DPA in the vegans, and inversely correlated with DHA in the vegetarians and in the vegans. Although the correlation between LA and DHA was stronger in the vegans than in the meat-eaters, the correlation coefficients were not significantly different between the diet groups. ALA was positively correlated only with DPA in all 3 diet groups. The ratio of LA:ALA was generally inversely correlated with EPA, DPA, and DHA, most noticeably among the vegans.
When the analysis was restricted to the meat-eaters, no associations were found between the proportions of EPA, DPA, and DHA in plasma and the intake of oily fish that was reported in the FFQ (Table 4) ; nor were there any associations with the intake of other fish (fried fish, white fish, shellfish, or fish roe) or with the intake of eggs (data not shown). When fish intakes were combined as a total fish intake variable, no associations with the proportions of EPA, DPA, or DHA were seen (data not shown). In the vegetarians, no associations were found between the proportions of EPA, DPA, or DHA and the intake of eggs (data not shown). In the 135 meat-eaters who also completed a 7-d food record, the frequency of oily fish intake reported in the FFQs showed statistically significant agreement with the frequency of oily fish intake reported in the food records (weighted ҃ 0.35). No associations were found between the frequency of oily fish intake reported in the food records and the proportions of EPA, DPA, and DHA in plasma (data not shown).
DISCUSSION
We measured the concentration of fatty acids in plasma in a large sample of British meat-eating, vegetarian, and vegan men. The plasma samples were stored at Ҁ70°C for a median of 4 y before the assays were conducted; the percentages of the major fatty acids examined in the present study appeared to be reasonably stable during storage because the percentages were not associated with storage time and because the concentrations of the fatty acids in our study were similar to those observed in freshly collected plasma from the same subjects (23) . Overall, the vegetarians and the vegans had substantially lower concentrations of total plasma fatty acids than did the meat-eaters. This is consistent with the lower concentration of total blood cholesterol found in vegetarians and in vegans than in meat-eaters, which has been reported previously (21) . Because the concentration of total fatty acids influences the concentrations of individual fatty acids, we compared the fatty acids as proportions of the total fatty acids. The proportions of fatty acids in plasma partly reflect the composition of fatty acids in the diet: the fatty acids found in triacylglycerols reflect the dietary intake of the past few hours, the fatty FIGURE 1. Mean proportions of eicosapentanoic acid (EPA), docosapentaenoic acid (DPA), and docosahexaenoic acid (DHA) in meat-eaters (n ҃ 196), vegetarians (n ҃ 231), and vegans (n ҃ 232) by duration of time since becoming vegetarian or vegan. The figure shows arithmetic means, or the geometric mean (for EPA), and 95% CIs adjusted for age, BMI, smoking, and alcohol intake by diet group (ᮀ, meat-eaters; ■, vegetarians; and F, vegans). P values for trend in the mean proportions by duration of adherence to a vegetarian or vegan diet within these subsets were obtained by treating duration of time as a continuous variable in the regression analysis.
n-3 FATTY ACIDS IN VEGETARIANS AND VEGANS acids found in phospholipids and cholesterol esters reflect dietary intake of the past few days, and free fatty acids are those released from adipose tissue (24) . Because fatty acids are converted and metabolized in the body, the composition of fatty acids in plasma is not simply a marker of dietary intake.
In the present study, large differences in the proportion of fatty acids were found between the dietary groups. In particular, the proportions of plasma myristic acid, palmitic acid, palmitoleic acid, LA, and cis-9,trans-11-CLA were significantly higher in meat-eaters than in vegetarians and vegans. The proportion of myristic acid in serum has been shown to be associated with reported intakes of milk and ruminant fat (25) , and it seems likely that the lower proportion of plasma myristic acid reflects the lower intake of dairy fat of the vegetarians, and particularly of the vegans, than of the meat-eaters. Palmitic acid is a major constituent of all animal fats, but it is also abundant in palm oil. Palmitoleic acid is present in animal foods, but it is also derived from the desaturation of palmitic acid. This conversion may be inhibited by high intakes of linoleic acid (26) , which may contribute to the low proportion of plasma palmitoleic acid in the vegans compared with the meat-eaters. The intake of CLA derives mainly from dairy and ruminant meat products, and the lower plasma proportions of cis-9,trans-11-CLA (which accounts for 90% of the CLA intake; 27) in the vegetarians and the vegans than in the meat-eaters largely reflect differences in dietary intake. Much smaller differences between the diet groups were seen for the trans-10,cis-12 isomer of CLA, which has gained increasing attention because of its possible body-fat-lowering effects (28) and its possible adverse effects on insulin sensitivity (29) and blood lipids (30) . The increased proportions of plasma LA in the vegetarians and vegans are consistent with studies that showed that dietary intake of LA is higher in vegetarians and vegans than in omnivores (7, 8) .
Of the long-chain nҀ3 polyunsaturated fatty acids, the proportions of plasma EPA and DHA were markedly lower in the vegetarians, and lower still in the vegans, than in the meat-eaters. The differences in DPA between the diet groups were much smaller and only significant between the meat-eaters and the vegans. Sanders et al (16) first reported the effects of vegetarian and vegan diets on plasma concentrations of long-chain nҀ3 fatty acids, and similar findings have also been reported in other studies (8, (17) (18) (19) . However, few studies have compared fatty acid composition between vegetarians and vegans. In the present study, the proportions of plasma EPA and DHA were noticeably lower in the vegans than in the vegetarians, even though neither vegetarians nor vegans consume fish. Some DHA is present in eggs, and this may account for the higher concentrations of plasma DHA in the vegetarians than in the vegans. Another possibility is that some of the vegetarians in the current study occasionally ate fish but did not report doing so, or that the difference in plasma concentrations of EPA and DPA was related to a lower intake of LA in the vegetarians than in the vegans.
The large number of subjects allowed us to compare subgroups of vegetarians and vegans, and a main objective of the present study was to examine whether the proportions of the long-chain fatty acids vary with the duration of adherence to a vegetarian or a vegan diet. To our knowledge, no previous studies have investigated the differences in plasma fatty acids between long-and short-term vegetarians and vegans. We found no effect of the duration of time since the subjects became vegetarian or vegan, which ranged from 1 y to 20 y, on the proportions of plasma fatty acids. The similar proportions of EPA and DHA in long-and short-term vegans suggest that when foods of animal origin are wholly excluded from the diet, endogenous synthesis of EPA and DHA is sufficient to result in relatively low but stable plasma concentrations of these fatty acids.
Whether the endogenous production of DHA can be modified by altering the intakes of LA or ALA is not clear. Trials have shown that when dietary ALA is increased, plasma EPA and DPA concentrations increase, whereas DHA concentrations either do not change or increase by a small amount (13) (14) (15) , which indicates that conversion beyond DPA is limited. In the present study, dietary assessments did not allow us to reliably quantify the intake of specific fatty acids. However, the inverse relations between the proportions of LA and DHA in plasma that we observed in the vegetarians and the vegans suggest that the longterm intake of LA may have an influence on the production of DHA. This finding supports the recommendation that vegetarians and vegans should increase their intake of ALA and limit their intake of LA to optimize their nҀ3 fatty acid status (8) . However, our analyses are based on proportions of plasma fatty acids rather than absolute amounts of fatty acids, and the results should therefore be interpreted with caution.
Although clear differences in the proportions of plasma EPA and DHA were seen between the diet groups, which indicates that dietary intake influences plasma concentrations of fatty acids, we did not find any association between these fatty acids and the intake of either oily fish or other fish, which is in contrast with the findings of other studies (31) (32) (33) (34) (35) . However, fish intake among the meat-eaters in the present study was relatively low, and the number of meat-eaters and the range of fish intakes may not have been sufficient to detect an association.
The importance of the lower plasma concentrations of DHA seen in vegetarians and in vegans than in omnivores is not known, and plasma concentrations do not necessarily reflect tissue concentrations. Low intakes or low plasma concentrations of nҀ3 fatty acids have been associated with cardiovascular disease, inflammatory diseases, and neurologic disorders such as schizophrenia and Alzheimer disease (9) . However, overall mortality in vegetarians is low compared with that in the general population and is similar to that of health-conscious meat-eaters (36) . Indeed, mortality from ischemic heart disease has been shown to be lower in vegetarians than in omnivores (37) . This may be explained by favorable differences in several risk factors for ischemic heart disease; for example, plasma LDL-cholesterol concentrations were shown to be lower in vegetarians than in omnivores (38, 39) . No differences in platelet function have been found between vegans and omnivores (40) , but the concentrations of several clotting factors, notably factor VII, have been found to be lower in vegetarians than in omnivores (39) . Few data are available on whether inflammatory or neurologic diseases are more common in vegetarians and in vegans. The importance of long-chain nҀ3 fatty acids in the diet needs further investigation.
In conclusion, in the present study of 659 British men, the proportions of plasma EPA and DHA were markedly lower in vegetarians and particularly in vegans than in meat-eaters. The proportions of these fatty acids were not affected by the duration of time since the subjects became vegetarian or vegan, which suggests that when animal foods are excluded from the diet, the endogenous production of EPA and DHA results in low but stable plasma concentrations of these fatty acids.
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